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What is claimed is: 



1. >A recombinant DNA molecule comprising at 
least a portion encoding subunit SI of the Bordetella 
exotoxin, or a fragment or derivative of said portion, 
wherein said portion or fragment or derivative encodes a 
polypeptide haviVig a biological activity which (a) can 
elicit toxin-neuftralizing levels of antibodies and (b) 
is free of enzymatic activity associated with toxin 
reactogenici ty . \ 

2. The recombinant DNA molecule of claim 1 
wherein said portion encoding said polypeptide further 
comprises a major epitope known to be important in 
providing immunoprotection against pertussis toxicity. 

3. The recombinant DNA molecule of claim 1 
wherein said toxin-neutValizing levels of antibodies 
provide irrununoprotect Lon\ against pertussis toxicity. 

4. The recombinant DNA molecule of claim 1 
wherein said biologieai atx±ii<kxy of (b) is obtained by 
site-specific mutagenesis Resulting in an analog of 
subunit SI which is substantially inactive 
enzymatically . \ 

5. The recombinant yNA molecule of Claim 4 
wherein said SI subunit comprises site-specific 
mutations of the SI subunit in tthe region bounded by 
valine 7 and proline 14, inclusively. 

6. The recombinant DNA inolecule of claim 5 
wherein said site-specific mutation Occurs at the 
arginine 9 site. ^ 
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7. The\ recombinant DNA molecule of claim 6 
wherein arginine 9 \s replaced with lysine. 

8. The^-rgfcbmbinant DNA molecule of claim 1 
wherein said Bordetell^ exotoxin is selected from the 
group consisting of B. pertussis , B. parapertussis , and 
B. bronchiseptica . 

An analog of Bordetella exotoxin SI 
subunit, said^^nalog having a biological activity which 
(a) can elicit tbain-neutralizing levels of antibodies 
and (b) enzymatic activities associated with toxin 
reactogenici ty . 

?he analog of claim 9 wherein said analog 
further composes at least one major epitope known to be 
important in pfeavijdlng immunoprotection against 
Bordetella toxicii _^ 

-2- The analog of claim / 9f / *wherein said toxin- 
neutralizing levels of antibodies provide 
immunoprotection against Bordetella toxicity. 

The analog of claim 9 wherein said 
biological acbi^vity of (b) is obtained by site-specific 
mutagenesis resulting in said analog being substantially 
inactive enzymaticalsly • 



Th< 



/ 



subunit comprise 
subunit in the 
14, inclusively. 



analog of claim 12, wherein said SI 
lite-specific mutations of the SI 
Lon bounded by valine 7 and proline 




.4. The analog of claim 13 wherein said site- 
specific mutagenesis occurs at the arginine 9 site. 
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15. The analog of claim 14, wherein arginine 
9 is replaced with lysine. 

16. \he analog of claim 9 wherein said 
Bordetella exotox^ifftr is selected from the group 
consisting of B. p^tussis , B. parapertussis , and 
B. bronchi sept ica . \ 

The analog of claim 9 wherein said amino- 
terminus indludes a methionylvalyl sequence. 

18. \An analog of Bordetella exotoxin subunit 
SI, said analog ^comprising an amino acid sequence as 
disclosed in Figute 7. 

19. An improved vaccine comprising a 
genetically-engineetS^d subunit SI of Bordetella exotoxin 
having a biological activity which (a) can elicit toxin- 
neutralizing levels of\antibodies and (b) is free of 
enzymatic activity associated with toxin reactogenicity . 

20. TlW^mproved vaccine of claim 19 wherein 
said subunit SI in^lu^es at least one major epitope for 
providing immunoprote^ction against Bordetella toxicity. 

21. The improved vaccine of claim 21 wherein 
said toxin-neutralizing levels of antibodies provide 
immunoprotection against Bordetella toxicity. 

22. Tlf^e improved vaccine of claim 19 wherein 
said biological activity of (b) is obtained by site- 
specific mutagenesis\resul t ing in an analog of subunit 
SI which is substantially inactive enzymat ically . 

?he improved vaccine of claim 22 wherein 
said site-sp^faS^dc mutagenesis is directed to the region 
bound by val/ine>7 and proline 14, inclusively,. 
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The improved vaccine of claim 23 wherein 
said site-sp^ific mutagenesis is directed to the 
arginine 9 sil 



25. The" 
arginine 9 is repl 




roved vaccine of claim 24 wherein 
with lysine. 



26. The Um 
said Bordetella exo 





ved vaccine of claim 19 wherein 
selected from the group 
consisting of B. pertus^irs , B. parapertussis and 
B. bronchiseptica " *\~ 

The improved vaccine of claim 19 further 
including atMe^st one of said subunits S2, S3, S4, and 
S5, and mixtures/ thereof , of Bordetella exotoxin. . 

The improved vaccine of claim 25 wherein 
at least one\of said subunits S2, S3, S4 and S5, and 
mixtures thereof, of Bordetella exotoxin is genetically 
engineered. 

^29. The improved vaccine of claim 19 wherein 
said genetically-eWgineered subunits S2, S3, S4 and S5 
are expressedXas /noRvf usion proteins in recombinant 
hosts selected Y^m/the groups consisting of E. coli . , 
S. cerivisiae , / saJ^tonella typhimurium , Salmonella typhi , 
Baccillus sp . and vaccinia 



v^pcini< 



x30. The improved vaccine of claim 9 wherein 
said genetically-engineered subunits S2, S3, S4 and S5 
include analog^, of subunits S2, S3, S4 and S5 which have 
retained their ability to elicit toxin-neutralizing 
levels of antibodies. 



XV. / A recombinant ONA molecule comprising at 
least a por£#on) encoding subunit S2 of Bordetella 





otoxin or a fragment or derivative of said portion 
rem the fragment or derivative encodes a peptide 
bemk a methionine-mature analog of subunit S2. 




32. A recombinant DNA molecule comprising at 
least a portion encoding subunit S3 of Bordetella 
exotoxin or\a fragment or derivative of said portion 
wherein the fragment or derivative encodes a peptide 
being a methic^ine-mature analog of subunit S3. 



33. A 1 
least a portion 
exotoxin or a 
wherein the fragr 



■eobm 



inant DNA molecule comprising at 
:ngjsubunit S4 of Bordetella 

r derivative of said portion 
r derivative encodes a peptide 



being a methionine-matWe analog of subunit S4. 

34. a recombinant DNA molecule comprising at 
least a portion encoding subunit S5 of Bordetella 
exotoxin or a fragment or derivative of said portion 
wherein the fragment or derivative encodes a peptide 
being a methionine-mature analog\of subunit S5. 
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